Flicking behavior and morphological features reveal contrasts between the lateral and medial flagella in crayfish antennules suggesting that both flagella may have functional differences. In this study, we report the major setae present on the biramous antennules, which fork into the lateral and medial flagella, of American crayfish Procambarus clarkii. Chemoreceptor setae referred to as aesthetascs were present only on the lateral flagellum. Non-aesthetasc sensilla were observed in both lateral and medial flagella. We examined the sensitivity of both flagella to mechanical stimuli by isolating the antennular flagellum from the test animal. Techniques in recording neural activities from an isolated antennular flagellum are also described.
INTRODUCTION
Aquatic organisms are equipped with sensory organs that receive many cues from the aquatic environment. In decapod crustaceans, the surface of the body and appendages bear cuticular hair organs referred to as setae that function as receptors of chemical and mechanical stimuli (Tautz et al., 1981; Tierney et al., 1986; Breithaupt & Tautz, 1990; Mellon, 1997; Douglass & Wilkens, 1998) . Investigations of these setae using behavioural and electrophysiological techniques provided information on their functions as well as the mechanisms involved in processing information in the ambient environment. In this study, we identified the major setae present on the antennules of American crayfish Procambarus clarkii. We also studied the sensitivity of antennules to hydrodynamic stimuli by isolating the antennules from the animal body to limit the effects of interference from chordotonal organs and avoid the increase in spike number which can be generated by the movement of the test animal. We present morphological and behavioural differences between the lateral and medial flagella which suggest functional differences between the two antennular flagella.
MATERIAL AND METHODS

Test animals
Adult American crayfish Procambarus clarkii (Girard, 1852), 35 to 40 mm in carapace length, were obtained from a local supplier in Kagoshima, Japan. Animals were kept in aerated tanks with water at 25
• C until used for experiments. Holding tanks were provided with Elodea and animals were fed twice a week with crayfish pellets (Japan Pet Drugs Co., Ltd., Tokyo, Japan) and were kept under a light/dark regime of 12 h:12 h (L:D).
SEM preparation
Antennules from newly-molted crayfish were prepared for microscopy. Eight lateral and medial flagella were fixed in 2.5% glutaraldehyde in PBS solution (0.1 mM, pH 7.2). After 24 h, fixed samples were rinsed in PBS, dehydrated in ethanol series, dried using t-BuOH freeze dryer (VFD-21S, Vacuum Device Co., Ltd., Ibaragi, Japan), and gold-coated (Magnetron spatter MSP-10, Vacuum Device Co., Ltd., Ibaragi, Japan). Scanning electron microscopy (SEM; Hitachi S-4100, Tokyo, Japan) observations were performed all over the surface of the medial and lateral flagella of crayfish antennules.
Electrical recording
Neural activity was recorded on an isolated crayfish antennular flagellum which was cut at the base where the lateral and medial flagella fork. The carapace in at least three segments at the proximal end was removed and the nerves exposed. Fig. 1 illustrates the recording set-up for the isolated flagellum. The isolated flagellum was suspended in a plexiglass container (10×10×10 cm, L×W×H) containing chilled and oxygenated van Harreveld saline solution (van Harreveld, 1936) . The pH of the saline solution was 7.8 and its temperature ranged from 15-20
• C. Exposed nerves were sucked into a small (40 to 70 μm inner diameter) glass electrode, initially filled with van Harreveld saline solution, using a threaded suction pump (A-M Systems, Inc.,
